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SECOND DECLARATION UNDER 37 CFR 1.132 

Olle Korsgren, Bo Hilsson and Rolf Lars son hereby 
each solemnly declare as follows: 

We are co-applicants and co- inventors of the above- 
identified application. We each have both M.D. and Ph.D. 
degrees . We earlier submitted a declaration in this 
application, also under 37 CFR 1.132, which we reiterate and 
confirm ; and which has attached thereto our CV's which are 
made a part of this declaration as well . 

Each of us confirms familiarity with the prior art 
documents cited and relied upon by the U.S. patent examiner 
and the commentary of the U.S. examiner in conjunction with 
reliance on such prior art citations. We amplify our earlier 
declaration as follows: 

Encapsulation (also referred to as 
microencapsulation) implies that the islets are confined 
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wittiin a polymer membrane that is n ot in direct contact with 
the islets. Extensive efforts have been spent on preparing 
microcapsules primarily using alginates as the capsules- 
forming material in accordance with what is disclosed in 
Wagner and Soon- Shi ong . 

A recent article (ref. 1) , Dufrane et al 1 , is 
representative for the current state-of-the-art. As 
illustrated in Fig 1 in the cited article, an optimal capsule 
should be a sphere with a diameter of 65 0- 7 00 p.m. Wagner 
specifies a diameter of 500 urn (p. 6, item 2, 1.3-4 in 
translated document) . 

Considering that the islets have a size of 50-300 
jam, we state as fact beyond any doubt that one or several 
islets will be enclosed in each microcapsule with considerable 
dead space between the islet (s) and the enclosing membrane. 

Even with the most advanced technology using 
polyethylene glycol -as the capsule- forming material, as being 
used by e.g. Novocell Inc. (see www.novocell.com) , the 
capsules of the prior art leave a dead space of 2 5-50 pm 
between the cell surface and the polymer membrane (see fig. 1 
below} . The dead space creates delayed response times due to 
the fact that glucose must first diffuse through the membrane, 



1 1, Dufrane D. f Goebbels R-M, , Saliez A. r Guiot Y. , and Gianello P.: Six-months 
survival of microencapsulated pig islets and alginate biocoinpatibility in primates - 
Proof -of -concept . Transplantation^ 9, 1345-1353, 23CS 
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and then the glucose has to be transported by a concentration 
gradient across the dead space until it reaches the cell 
surface . 

Fig 1. (microphotographs obtained at www . novocell . com ) 




Purified Human- isiets Encapsulated islets wlm 

PEG Conformaf Coatings 

The insulin response by the cell will be delayed and 
the occurrence of insulin in the blood is further delayed by 
the dead space and diffusion through the membrane. The end 
result is that the actual insulin response in blood will be 
too late and may even induce hypoglycemia, if increased levels 
of insulin are generated too late when the glucose levels are 
already going down. 

On the contrary, in our invention, the material 
used, e.g. Corline Heparin Conjugate, is adsorbed directly in 
close contacr. with individual islets with no dead space , 
whereby glucose in blood interacts directly with the islet 
cells so that a physiological response with regard to release 
of insulin is achieved. The following picture (Fig. 2), 
prepared in our laboratory, shows one islet cell coated with 

- 3 - 
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heparin according to our invention and examined by confocal 
microscopy using f 1 uorescenrly labelled antithro rob in tnat 
binds ro heparin. Ir is evident that the coating follows tne 
contour of the cell and is in direct: contact with the cell 
surface . 

Fig. 2 




I slot of L.a n ere rh a n s , nan -modi fie; d ( 1 eft) a n ci a o a t. e ci wit h t a e Co r i i n e 
Heoas.ln Surface (right) . Ant i th romban (which has strong affinity for 
heparin) labelled with a fluorescent dye, Alone 8 88, was allowed to adsorb 
to the surface. Islets sere then eeamined in a Zeiss 1, SM 510 Meta confocal 
rn 1 c r o s a op e ( C a r 1 Ze.rt s , Je n a f Ge r ? n a n y) eq u. a rap e a with an A s i o v o r t a 0 t ) 
m j eroscooe saanrf Z-stacks of the Islet surfaces were acquired, using the 
488nm laser line, a 20.X objective and a 50b -550 BP filter, Three- 
dimensional project loos of trie required z-ssaehs were analysed using feari 
software (Batplaae, Zurich, Switzerland). She son mead f loot islet (left) 
only displays weak an to flue reasons , whereas tne adsorbed hepar.fn is 
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'visualised as a smooth a,rxd coher&nt coa ting that follows the contours of 
the is2efc. 

There is another distinct difference between 
encapsulated islets such as those of Wagner and Soon- Shi ong, 
and heparin coated islets according to our invention that 
needs to be emphasised. The spherical membrane that 
encapsulates the islets of the prior art is an insoluble 
polymer with a cross - longitudinal network of bonds (thus it 
forms a membrane barrier between the islet surface and the 
surroundings), whereas the material we use, e.g. Corline 
Heparin Conjugate , is a soluble macromolecule that is adsorbed 
as discrete molecules onto the cell surface with no cross- 
longitudinal linkages being formed between the conjugate 
molecules (thus no membrane barrier is formed between the 
islet surface and the surroundings) . 

Soon-Shiong et al discusses ^microcapsules prepared 
from crosslinkable polysaccharides, polycations and/or lipids 
and use therefor" (title of the patent) . No part of the Soon- 
Shiong document demonstrates or discusses the use of heparin 
or heparin conjugates for coating islets without 
polymerization (or crosslinking, alternatively gel formation) . 
On the contrary, examples 1-7, 14-17, 19, 21-25, 27-28 and 30- 
32 are specifically related to cro s s 1 inking , gels , 
polymerization etc. Therefore, Soon-Shiong et al do something 
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quite different from our invention, and this document leads 
away from our invention. 

In their patent application, Wagner et al mention 
islets of Langerhans in Claim 3 and heparin used to antagonize 
agglomeration in claim 7. However, no disclosure of our 
present invention can be found in the patent application of 
Wagner et al. On the contrary, Wagner et al only describe the 
use of macro- and micro-encapsulation of islet cells , and 
thereby leads or directs worker in our field away from our 
invention . 

As clearly explained in our previous Declaration, 
the encapsulating membrane composed of an insoluble polymer 
proposed by Wagner et al and Soon-Shiong et al constitutes a 
barrier to immunologically active ceils and molecules , whereas 
no such barrier is created by adsorption of the heparin, e . g , 
Corline Heparin Conjugate. We reiterate with strong emphasis 
that it is absolutely clear and certain that the chemical 
constitution and diffusion characteristics are fundamentally 
different between the two methods, and that there is no 
chemical or technical rationale on basis of which one could 
accurately maintain that adsorption of the Corline Heparin 
Conjugate would lead to encapsulation in the sense of Wagner 
et al and Soon-Shiong et al „ 
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We hereby further declare that all statements made 
herein of our own knowledge are true and that all statements 
made on information and belief are believed to be true; and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Date : 



Date : 



Date : 
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Six-Momfe Smnrival of MGroericapsuIated Kg Islets 
and Mgixiate BiQcompatibiMty in Primates: 

Proof of Gonoept 

Denis Dufrane> 1 Rose- Marie GoebbelsJ Alain Saliez, 1 Yves Gmoif and Pierre Gianello 1 * 3 



Background. Pig islets xenotransplantation remains assoeia ted with a strong .humoral -arid cellular xenogeneic immune 
responses, the aim of this study was to assess the Umg-temi hmcompatibilhy of alginate encapsulated pig islets after 
transplantation in primates 

Methods, Adult pig islets encapsulated hi alginate- under optimal conditions (n ~ 7} or not I n ~ 5 ) were transplanted 
under the kidney capsule of nondjabetic Cynomoigus maccaeiis. Additional primates received empty capsules .1) 
and nonencapsulated pig islets {i\=-2) as controls.. Capsule integrity, cellular overgrowth, pig .islet -survival porcine 
C- peptide and anti -pig IgM/IgG antibodies were examined up to 6 months alter impkntation-- 

Results. t^oneueapsnlated islets and islets encapsulated in nonoprimai capsules were rapidly destroyed. In seven pri- 
mates receiving :perfectiy-enaipsnkted pig islets, part of the islets survived up to 6 months after implantation without 
immitiiosam predion/ Por^ alter 1 month in 71% of the animals, The majority of grafts 

(36%) were intact and completely free of cellular overgrowth or capsule ■■.fibrosis. Explained capsules, after B5 (n - 2/2) 
and LSD (n^ 2/3) daysydemdnstratecl rcsidual.insuUn content and responses to- glucose challenge (stimulation: index of 
2,2), Partial islet survival was obtained despite an elicited anti-pig IgG humoral response 

Conclusions / Optimal alginate ■ encapsulation sighiflca'ritiy:p.roIartged adult pig islet survival into primates for up to 6 
months, even in the presence of antibody response. 

Keywords; Pigdslet transplantation* Xenotransplantation, .Microencapsulation.,. Primate, Biocompatible ty. 



The need for permanent immunosuppression and the 
shortage of pancreas donors remain -major hurdles to the. 
widespread use of pancreatic islet cell transplantation to cur - 
nig. type I diabetes .( /, 2). 

In order to protect islet cells- from immune reaction 
without the need for chronic imniunosupp.ressiion, microen- 
capsulation has been considered and demonstrated to- be ef- 
fective in mice ( 6) . In most studies, islets have been encased 
in algiitate-polyiyshie-al-giuate microcapsules (7) but the cy- 
totoxicity of polyaminoadd and the mechanical instability of 
microcapsules limit their application (5> #, 9). Several groups. 
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have recently reported that encapsulation in a simple mi- 
crobead made-of alginate is able to protect pig pancreatic ceils 
against alio- or xenoraection in diabetic mice (4, 5, 10, 1 1 1 
However, a question remains- about the putative application 
of tins method in a preclinical large .animal model 

in order to overcome the shortage of 'human, pancre- 
ases, pig islets represent an important therapeutic -alternative 
(12). Although the strong humoral and cellular xenogeneic 
immune responses appear difficult to overcome (15), pig islet 
survival has been- demonstrated for up to 53 days in primates 
by using anti-thym.ocyte globulins (14). Recent results re- 
ported by B. Bering (personal coimmmioUion) seem, how- 
ever,, to show that the use of a heavy immunosuppressive 
regimen (5 or 6 drugs), allows pig islets' to survive in primates 
for up to months. Such an immunosuppressive regimen 
seems unlikely to be acceptable in hxtman-s, but: these results 
are, however* encouraging. This result suggests that other al- 
ternatives- such as r^icroen capsular ion should be evaluated in 
the pig to primate model 

This study is the first U> assess the factors involved in 
successful pig islet immunoprotectton by alginate capsule 
when transplanted in n on -diabetic primates without any im- 
munosuppression. The impact of several parameters (stabili- 
zation, culture period) involved in in vivo and in vitro algi- 
nate capsule bio-compatibility, as well as the ability of alginate 
capsules to protect pig islets in primates from the strong xe- 
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nogeneie immune response were evaluated for up to six. 
months;. 

MRTEBIKIM MMI> METHODS 

Pig Islet Cell Isolation and Eitcapsuiatiom 

Adult pig pancreases were harvested from Landrace 
pigs (>200 kg, n-= 10;) at -the local ■ slaughterhouse (Centre A, 
de Marbaix, Lou vain- la~Neuve> Mr, Collignon) and islets 
were isolated using a previously described technique ( 15). 

Freshly isolated- pig islets were encapsulated in. an; SLM 
100 alginate matrix (Batch 1 10064, PMCBioPolymcr, Dram- 
mem Norway) containing a high concentration- of nianmi- 
ronic acid (H'igh-M, 56%), Preeze-dried alginate (viscosity: 
1 74 mPa.s; -euda toxin <25 -EU/jgrarri), was diluted in a MOPS 
IX washing buffer (Inotech Encapsulation AG, Dottilcon, 
Switzerland) at a concentration of 1% w/v. Pig islet cells were 
suspended in alginate at a -concentration of 1 0,000 islet 
cells/nil and encapsulation wa$perfGnrved : by the I no tech En- 
capsulation AG device ( serial number; LS-0 1.005; Dottikon, 
Switzerland) (Dufrane.-et ail., ■manuscript submitted). Quality 
of capsule was microscopically evaluated (on 10.0 capsules 
samples) in order to determine the capsule diameter and the 
percentage of non-well shaped and broken capsules. 

Micro capsule Culture Condition 

In order to obtain optimal stability of microcapsule, 
several CaCU .concentrations- were tested in culture. Empty 
capsules were cultured in HAM-FIG medium (NV In vitro - 
■gen, Merel.beke, Belgium:) and: supplemented, with either 03, 
1.8, 2.5 or 5 niM 'GaCl 2 for 2,: .18 and 24 hrof incubation. One 
hu nd red capsule diameters, for each series, were examined on 
an inverted phase-contrast microscope with a calibrated grid 
in the eyepiece. 

Animal Recipients 

Man-diabetic Cynomolgns monkeys ( 3- 6 years old; 
4 -7 kg, n— 15) were used as recipients and were housed ac- 
cording to the guidelines of the Belgian Ministry of Agricul- 
ture and Animal Care. All procedures were approved by the 
local Ethics Committee For Animal Care of the Universite 
Caiholique de Lotivaim Three^experi mental groups were de- 
signed: one primate received empty- capsules (Negative Con- 
trol, Ctrl — ).; 2 primates were transplanted with non-encap- 
sulated pig islets (Positive Control, Ctrl+) and 12 primates 
were transplanted with pig encapsulated islets (Experimental 
Group A 

In this latter group, two primates received pig. encapsu- 
lated, islets which had not been cultivated for 18 hr prior to 
transplantation ( without capsule stabilization^, three-animals 
received pig encapsulated islets which had been cultivated for 
18 hr prior to transplantation but in medium sxtpplemented 
by 10% v/v of FBS (NV Invrtrogem Merelbeke, Belgium), and 
finally* seven primates received pig encapsulated islets after 
an 18 hr period of culture in a medium: free of serum. 

Transplantation of Microencapsulated Islets 

Kidney subcapsular space was chosen since it seems a 
less i mm u no reactive implantation site for encapsulated xe~ 
nolslets than peritoneum (Dufrane et al., September 2005, 
submitted, in Bromaterials). 



After anesthesia j kidneys were- exposed* by a midline 
laparotomy, and a 20- gauge catheter (Becton Dickinson, 
Aakt> Belghtm) was placed between the kidney parenchyma 
and the capsule. Each animal received 15,000 microencapsu- 
lated Mets equivalent to (!EQ)/kg of body recipient-, -collected 
in a 10 ml syringe. Positive control animals received 'the same 
number of non -encapsulated pig islets, n rider the kidney cap- 
sule. 'Negative control animal received a volume of empty 
capsules corresponding to the volume of 15,000 1 HQ/kg en- 
capsulated pig islets (a mean of 7 nil). Each graft was trans- 
planted under the capsule of one kidney per primate- 
Animal Follow-iip 

Blood /glucose was monitored during the first 24 hr 
posttransplantation to avoid hypoglycaernta. Blood samples 
were taken (via. the femoral vein) prior to transplantation 
(three times to determine the Porcine C- peptide baseline) 
and 1 hr, days 1, 7, 3.0, 60, 90, 135 and 180 posttransplanta.-. 
tion. Porcine C- peptide (Linco Research, Nuciilab BV, BB 
EDE 5 The Netherlands), -anti- porcine antibodies- (see below) 
and creatinine (Kodak Ektaehem DISC 11;' Or tho "Clinical 
Diagnostics,. INC, Rochester, NY, USA) levels were measured 
on primate sera. Body Weight, was monitored weekly. 

Befcactlon of Uttfi^'orcixte IgM and IgG 

Porcine lymphocytes were used as antigenic targets for 
the detection of and -porcine antibodies. Ten miliili.tr.es of 

heparinized blood, obtained from. Belgium kndra.ee pigs 
(12-1.5 weeks bid), were diluted in 25 ml of RPMJ and lym- 
phocytes were recovered alter centrifugatibn across a density 
gradient on lymphocyte separation medium (ISM; ■Bio™ 
chrom AG* Berlin, Germany), Specific anti-porcine igM or 
IgG antibodies were assessed" by Flow C-y to met ry using a-fkt- 
orescence^act.ivated ceil sorter (Facsort, Becton Dickinson, 
BD Erembodegem, Aalst,. Belgium). The 8X l(F porcine lym- 
phocytes/ tube were incubated 30 min with 20 pA of serum 
from each experimental primate (primate scrum was used 
without dilution and decooiplemented at 56°C). After incu- 
bation, at4°Q three washes were performed with HBSS solu- 
tion. FITCdabeled rat anti-human IgM (LO-BM2) and IgG 
(LOHG22) antibodies (IMEX, Universite Catholique de 
Lou-vain, Brussels, Belgium) were incubated with lympho- 
cytes and washed three times after 30 min of incubation. 
These data were acquired and. processed using CELL Quest 
software (BD .Bioscience), The mean fluorescence intensity 
(MET) and percentage of lymphocyte binding anti-porcine 
antibody were assessed. 

Assessment of Explanted Capsules 

Under anesthesia, nephrectomy was performed and the 
microcapsules were recovered 30, 90, 135 and ISO days after 
transplantation. Macroscopic quality of the graft was assessed 
as- the following score in 3 groups: no graft: fibrosis (0%); 
>50% of entrapped capsules in fibrosis and total graft fibrosis 
(100%), The proportion of capsule overgrowth, which was 
defined as the percentage of capsules with more than. 50% of 
surface covered by cells, was microscopically evaluated on a 
mean of 400 capsules/explzmted graft. The proportion of bro- 
ken capsules and die proportion ot : capsules containing dithy- 
zrme (DTZ) staining islets were also evaluated microscopi- 
cally. 
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The ability of encapsidated adult pig islets to produce 
insulin 135 and 180 days after trampk illation was assessed by 
a static glucose challenge .'Prior to the test, explained capsules-, 
had been cultivated in 75 cor flasks, for 15.hr; on RPMI UvIO 
glucose 5 trsM supplemented with 10% T.BS at 37°C After 
culture, encapsulated: pig islets were. removed. -from the flasks, 
washed three times with RPMI 1640 glucose 5 niM and incd - 
bated for 24.hr, to RPMI 16W supplemented with glucose .5 
rnM, 15 mM or 15 mM ~h Fdrskolin 1 pM (37°C). After 
incubations supernaiants were collected and stored at -20°C 
until measurement of insulin by a double antibody radknnT- 
■munaassay. Insulin content of the microencapsulated pig is- 
lets was measured in samples from each recipient. Microcap- 
sules" were : added to 500 jxl actd^cthano'} solution, sonicated 
arid "kept at -20°C. Results of insulin secretion are given in 
percentage of insulin, content per islet. Insulin secretion ac- 
tivity arid Insulin content were compared with, the preim- 
p.lantatkrn values. 



Statistics 

Values are presented as means ± SD f excepted when 
specified otherwise). The statistical significance of differences 
was tested by a one-way analysis of variance (ANOVA) with a 
Bonferroni posthoc test. The Mann - Whitney U test was used 
to analyze the insulin secretion of ex plan ted capsules. The 
statistical tests were carried out using Systat version 8.0. Dif- 
ferences were considered to be significant at. P<G.G'5.. 

Parameters. Conditioning "In Yitrovamdln Yivo.' 5 ' 
Bio compatibility 

SijW'''OfMicrocapsules''and'CaCl 2 ,Concentration 

After encapsulation^ the mean d km eter of empty cap- 
sules-was 6531:22 jjah ( n — 460 from three Independent ex- 
periments), I ncubation of capsules for I S or 24 hr in a culture 
medium- supplemented with (}3 mM CaCU provoked a sig- 



ModSfWriSpopf capsule diameter. In function -of 



FIGURE I. (A) Stabilization of the 
capsule diameter prior to transplanta- 
tion. Stable capsule diameters were 
obtained in a medium containing 1.8 
mM CaC12 with an incubation time of 
18 hr (*P<0„005 for capsule diameter 
with LB mM vs. 0.3/2.5/5 mM CaCL/). 
Significant swelling .and retraction 
were observed in capsules incubated 
in medium containing low (0,3 mM) 
andhigh (2,5/S mM) concentrations of 
CaCl 2 (300 : capsules were evaluated 
for each series from three indepen- 
dent experiments) r respectively. 
Transplantation ;o'f non-optimal (B) and 
optimal (C) encapsulated pig islets 
beneath the kidney capsule (location 
bar=^ 100: ^tm), Note that graft fibrosis 
(D) and strong ■ fibrosis (*) reaction, 
surrounding non-optimal capsules, 
were 1 month after implantation. No 
grail fibrosis '-'and free-capsules- were 
observed., 1 month after transplanta- 
tion, in case of optimal capsules trans- 
plantation (E). in addition, insulin pos- 
itive cells were found, at day 30 
posttransplantation, inside optimal 
capsules (G; immunostaining for anti- 
insulin; original magnification: X2.5) 
in contrast to capsules from non-opti- 
mal conditions (F; no staining for insu- 
lin; original magnification: x£.5) , 
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TiUSLE 1 . Scoring of encapsulated pig islets after escplaxttatiori 



Animal number 



K T o n - op t i ma 1 e n ca p su ki t io n 
FBS 
001 
002 
003 

Without prcimplant 
iS-hr culture 
004 
005 

Optimal encapsulation 
006 
007 
COS 
009 
010 

on 

012 



Time of 
graft 
explanation 



30 
30 
30 



30 
30 

30 
90 
135 
135 
180 
180 
180 



Macroscopic 
evaluation 
Ct{ graft 
(% of fibrosis) 



100 
100 
100 



50 
100 

0 
0 
0 
0 
0 
50 
0 



Microscopic evaluation of graft 
(% of total capsule) 



Degree of 
capsule 
overgrowth 



ND 
ND 
ND 



94 

ND 



2 
1 
6 
5 
32 



Degree of 
broken 
capsule 



ND 
ND 
ND 



86 
ND 

2 
6 
0 
4 
0 
26 
12 



Capsule 
containing 
DTZ + cells 



ND 
ND 
ND 



0 

ND 

54 
32 
17 
12 
6 
0 
3 



Porcine 
C-peptide 
(ng/ml) at 

day 30 



0.04 
0.03 

0.1 19 
0.106 

0.157 
0.199 
0.049 
0.053 



Capsuics were removed, from the primate's kidney 30, 90, 135 and 1 BO days after trsmsphmtiUion. Two-independent investigators evaluated the grafts. The 
degree of cellular overgrowth, broken capsules and DTZ contained islets were microscopically evaluated on 400 capsules for each graft. ND, nondetcrniined 
since all the grafts were entrapped in fibrosis. 



nifkant swelling of capsules (4-12.5% of initial diameter 
prior to culture (745 ±42 jumj, P<0.003) (Fig. iA). No sig- 
nificant- modification of the diameter was observed for cap- 
sules incubated in culture medium supplemented with 1.8 
mM CaCl 2 for 2 h (703 ±33 jam), 18 h (69S ±56 pm) or 24 hrs 
(707 ±69 u,m). In contrast, incubation in medium with 
higher Ca CI 2 concentrations (23 and 5.0 mM) induced a sig- 
nificant reduction in capsule diameter { — 6.6%, P<0.005) as 
compared to the diameter obtained just after encapsulation. 

Culture of Microencapsulated Islets Prior to Implantation 
In order to stabilize the microcapsules, and obtain long 
term biocompatibility of encapsulated pig islets, preimplan- 
tatioti culture for 18 or 24 hr is necessary. Two primates that 
were immediately im plan ted after encapsulation demon- 
strated a strong eel hi bar/ fibrosis reaction against the graft af- 
ter 1 month (Table 1, animals 004-005). 

Three animals which received pig encapsulated islets 
cultivated prior to transplantation in CMRL 1066 supple- 
mented with bovine serum, encapsulated islets were rapidly 
destroyed (<30 days) and massive cellular overgrowth and 
fibrosis were observed (animals 001-3) (Table I; Fig. I, D 
and F). 

In these five primates, no porcine C-peptide was de- 
tected at day 30 posttransplantation (Table 1, Fig, 2 ). In con- 
trast, primates transplanted with capsules cultured in optimal 
conditions demonstrated the biocompatibility of alginate en- 
capsulated pig isiets (see helow t Table I; Fig. 1, E and G). 

Shape of Microcapsules 

In order to obtain a Long term biocompatibility of cap- 
sule, a regular, spherical shape of capsule is necessary (Ta- 
ble U Fig, 1C). One primate (animal 01 1) that received pig 



isiets in capsules 38% of which were not well formed (Fig, IB) 
displayed significant fibrosis (>50%) after 6 months. In this 
case, cellular overgrowth (32%) and capsular breakage (26%) 
were observed (Table 1 ). In the other primates that received 
a mean of 91 ±5% of well- formed capsules (Fig. IC)» fibrosis 
or cellular overgrowth was not evidenced. 

A clear relationship between the capsule shape and the 
purity of islets preparations was evidenced. The exocrine con- 
tamination disturbs the laminar jet of the encapsulation de- 
vice thereby increasing the proportion of non-well shaped 
capsules. In this study, the purity was constantly over or equal 
to 90% (94 ±2,6%; n~ 10) to be able to use our device. 

Ideal Preparation of Alginate Microencapsulated Pig Islets 
These preliminary data allowed us to determine the fol- 
lowing best condition for in vivo experiments: the best regime 
was to culture pig encapsulated islets in 17 ml CMRL 1066 at 
1.8 mM CaCl> for 18 hr, in 75 crn~ norv tissue culture treated 
flask at a concentration of 10,000 capsules/ flask in a serum- 
free medium. In 6 out of 7 remaining primates, no graft fi- 
brosis or cellular overgrowth was observed after 3, 4 or 6 
months whether the microencapsulated pig islets were culti- 
vated in the appropriate medium and when over 92% of cap- 
sules were well formed (Table I). 

Transplantation of Non-encapsulated Pig Islets 
and Empty Capsules 

After transplantation of non-encapsulated pig islets 
under the kidney capsule of 2 primates, a peak of porcine 
C-peptide was evidenced 1 hr after transplantation (range 
2,3 19-6. i 22 ng/ml). Porcine C-peptide was, however, below 
the detection threshold (<0. J ng/ml) 7 days after transplan- 
tation (Fig, 2). After graft removal and tissue fixation, a strong 
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PorcFne C-pepttcJe in sera of primates transplanted with 
non-encapsuiated vs Noo- optima*/ Opltfnal encapsulated 
psg isiets. 
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FIGURE 2. Porcine C-peptlde level evolution in pri- 
mates transplanted with non-encapsulated pig islets (n- 2; 
Black) or non-optimal (n^S, White) / optimal (n-7; Grey) 
encapsulated pig islets. After 30 days of optimal capsules 
transplantation, porcine C-peptide was detected in 71% of 
transplanted animals (5/7 primates). No porcine C-peptide 
was detected Z days after the implantation of free and non- 
optimal encapsulated pig islets (<0. 1 ng/ml, black line). 
Mean ± 5EML 



cellular reaction was observed 2 and 7 days after transplanta- 
tion (Fig. 3). The cellular infiltration was essentially com- 
posed of CD3 (lymphocyte) and CD68 (monocyte-macro- 
phage) positive cells (Fig, 3, B and C). Complement C3 
deposition was evidenced on the graft, as soon as 2 days after 
transplantation (Fig. 3D). Empty capsules did not induced 
inflammatory and immunological reactions (data not 
shown). 

Encapsulation Prolongs Pig Islet Survival 

After stabilization;, encapsulation of pig islets by 
higb-M alginate improved graft survival after transplantation 
into non-diabetic primates (n — 7). A mean level of 0.14 ±0.08 
ng/ml of porcine C-peptide was detected until day 30 post- 
trans plan ration, in the sera of 7 primates. However, 2 pri- 
mates had only a detectable level of porcine C-peptide (>GJ 
ng/ml) until 7 days after transplantation (Fig. 2 } Tnblc 1). 
Level of C-peptide was significantly higher than the level ob- 
tained in naive animals (0.03±0.02 ng/ml). Dithizonc and 
insulin positive cells were found in one graft alter removal at 
day 30 posttransplantation (n= 1 ). No fibrosis and no cellular 
overgrowth were observed in this graft (Table 1). Porcine 
C-peptide was detected in 2 recipients after 60 days of trans- 
plantation (0.266 and 0.193 ng/ml). Although no porcine C- 
pepdde was detected in primate sera over 90 days posttrans- 
plantation, no graft fibrosis, no capsule overgrowth and 
insulin positive cells were observed (Table 1). Alter 135 
(n — 2) and 180 (n~3) days of transplantation, no graft fibro- 
sis and fewer than 10% of capsules presenting cellular over- 
growth were observed in 3 out of 6 primates (Table 1 , Fig. 4, 
A and B). Dithizonc positive cells were found inside grafts 



after 135 and 180 days of transplantation (Table 1, Fig. 4 } C 
and D). 

No significant modification of body weight and creati- 
nine level was observed in the 7 primates receiving well en- 
capsulated pig isiets 4 to 6 months after implantation. 

Microencapsulated Pig Islets Are Viable and 
Functional 4 and 8 Months after Implantation 

Prior to transplantation, a mean viability of 84 ±6% {by 
Trypan Blue exclusion assay) was obtained for encapsulated 
pig islets (n = 10). Transmission electron microscopy demon- 
strated the integrity of pig islets after encapsulation (data not 
shown). Prior to implantation, encapsulated pig islets (islets 
from 3 pig pancreases used for animals 008-12} demonstrated 
the capacity to produce insulin after glucose .stimulation: an 
increased insulin release after exposure to glucose 15 mM 
supplemented with cAMP-raising agent (Forskolin 1 fxM) 
was observed: 70.7 ± 15.1% vs. 3 1 .6±9.7% of insulin content 
for glucose 1 5 mM + Fsk 1 p.bA vs. glucose 5 mM t respectively. 
The mean stimulation index (SI), calculated as the fold-in- 
crease over baseline (% of insulin content at glucose 5 mM), 
was calculated at 2.5 ± 1.1. 

Capsules were removed 135(n = 2)and 180 (n — 3) days 
after transplantation and were incubated in the presence of 
different concentrations of glucose to assess the function of 
pig islets from explanted capsules. An increase in insulin re- 
lease, after exposure to glucose 15 mM supplemented with 
Forskolin, was observed for pig encapsulated islets removed 
at day 135 (animals 008-009); 6.6±2.3% vs. 2.9±0.9% of in- 
sulin content for glucose 1 5 mM + Fsk I fiM vs. glucose 5 mM 
(P-0.028, n = 2; Fig. 4E). The mean SI was calculated at 2.2 
(range 2.0-2.7). After 180 days of transplantation, one graft 
did not demonstrate insulin content and the capacity to se- 
crete insulin. This correlated with graft fibrosis and capsule 
overgrowth (Table b animal 01 1). Among the 2 other cases 
(animals 010-012), one pig islet graft demonstrated the ca- 
pacity to increase insulin secretion after exposure to glucose 
15 mM t Fsk 1 p,M (8>4±3>7% vs. 4.7± 1,9% of insulin con- 
tent for glucose 15 mM + Fsk 1 vs. glucose 5 mM) corre- 
sponding to a SI at LS (Fig. 4F), Follow up at the same time, 
observed Insulin secretion, but no response to increasing glu- 
cose concentrations or the cAMP-raising agent were demon- 
strated in the second animal 

However, a significant decrease in insulin content was 
observed in capsules explanted from primates after 135 
(2.2 ±1.9 ng/islet) and ISO (1.1 ±1.0 ng/ islet) days of trans- 
plantation (,F<0.005) as compared to those extracted from 
capsules prior to transplantation. (32.2 ±24.3 ng/islet) for 
capsules containing a mean of 2-3 pig islet cells> P<0.005). 

Transplantation of Encapsulated Pig Islets 
Elicits a Humoral immune Response 

Sera from 12 animals transplanted with encapsulated 
pig isiets were analyzed, by Flow Cytometry, and compared to 
animals receiving non-encapsulated pig islets (n — 2) and 
empty capsules (n~l). En ail primates, the presence of anti- 
pig an tibodies (LgM and IgG ) was detected prior to transplan- 
tation thereby confirming the presence of preformed anti-pig 
antibodies (Fig. 5). No increase in lgM or IgG anti-pig anti- 
bodies was found in the sera of primates transplanted with 
empty capsules, In contrast, when primates were given non- 
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i*I<*tTR£ 3. Cetaiar infiltration and graft destruction 
ware observed 7 days after non-encapsulated pig islet 
transplantation. Very few insulin-positive cells were - tomd 
((&) insulin staining; original magmfteafcri: XB)V Immiino- 
histochemistry revealed massive CDS (B) aaad CD68 infiltra- 
tion (C) (original magnification: xS). Complement C3 dep- 
osition was observed on the graft (original magrdfication: 
X10, D). 

encapsulated pig islets Xn— 2) the level of anti-pig Iglvi and 
I gG an tibodies was strongly increased. When badly encapsu- 
lated islets fn~ 2), islets cultivated In bovine serum (n = 3) or 
welteneapsulated pig islets (n~7) were implanted a signifi- 
cant increase in the level of anti-pig IgM and IgG antibodies, 
was observed. as. shown in Figure 5. 

The first aim ofthis study was to demonstrate the bio- 
compatibility of encapsulated pig islets for long-term (6 
months.) in primates and to evidence the parameters which 
significantly influence the compatibility of these capsnks. 
The second major goal was to proof the concept by demon - 
strating that pig encapsulated islets are capable to respond to 
a hyperglycemic stimulus 6 month after implantation into the 
most stringeat xenogeneic model and without immunosup- 
pression. 

'Without encapsulation, pig islets are destroyed within 2 
days of transplantation as evidenced by loss of C-peptide pro- 
duction and humoral a nd cellular rejection at inirnunohistol- 
ogy {16). 

In order to prolong porcine islets viability without im- 
munosuppression, pig islets were encapsulated, following -sev- 
eral- parame ters which allowed: long-term viability -an d imm u- 
noproteetion (17, JH). Pig is lets were encapsulated in-.a -highly 
purified high~M alginate cross-linked with Ca :4 ~ + ions and the 
use of a very low eudotoxin-coiitaining alginate without ad- 
ditional permsekctive PLL coating seemed crucial (9, 19). 
Similarly, Duviver-Kaii et al and Onier et ah reported im- 
proved capsule integrity and pig islet viability up "3 months 
after transplantation in B6AFI mice, by ushiq similar alginate 
(J 0,20). 

Although recent experiments demonstrated improved 
stability after aigii;i a te cross-1 irikage with B.a' 1 * 'Vwe tested al- 
ginate capsule cross- linkage with Ca"" * fallowed by a preim- 
plantation culture at a |Ca" f " T ) concentration of hS mM {4> 
5). This [€a " r "J_ concentration was chosen after testing sev- 
eral lower and higher concentrations of CaCL during preim- 
plant.it ion culture up to 24 h.r. Although Bam FID/F12 me- 
dium corresponds to the optimal culture media for non- 
encap-sulated adult pig islets culture, iowsCaCL] (03 -mM) 
media induce capsule swelling and provoke disruption of 
capsule membranes which could expose pig tissue to the host 
immune system -and thereafter to graft fibrosis. and Islet ne- 
crosis (17*21). Following these in vitro. data, the optimal con- 
centration" of IS mM was selected as well as a culture period 
of 1 8 hr prior to implantation in order to stabilize the alginate 
capsules. Several commercial media contain a concentration 
of LS m.M CaCL and CMRL 1066 was chosen to: culture en- 
capsulated pig islets since its efficacy for pi** inlet cultures is 
known {22). In three primates, encapsulated pig islets were 
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FIGURE 4* No fibrosis was ob- 
served macroscopic ally- for grafts xe>- 
move d after 1 3S and 1 SO days of trans- 
plantation in primates ■ (A, B, ■* graft)-. 
Dithisone positive celts (arrow) were 
also detected for pig encapsulated is- 
lets explanted after 138 (C) and 180 
(D) days (location bar: 100 /u.m). En- 
capsulated- pig islets explanted from 
gratia 135 days after transplantation 
were able to produce a significant 
amount of insulin after glucose/For- 
skolin stimulation (E) s (P<0,0S for 
(315-KFskvs. OS, h-H). After 180 days, 
insulin secretion was observed but 
without response to stimulation (F, 
n— 2), Black square and black triangle 
represents replicates for each, pri- 
mate. 
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cultured in CfvlRL medium complemented with bovine se- 
rum.,, and severe graft destruction ensued one month after 
■inipkm-tation. Although capsules were intensively washed 
prior to transplantation, bovine proteins could stick U> the 
capsule ■■surface and lead to the host immune system activa- 
tion. Therefore,' serum- free GM-RL was then used io : culture 
encapsulated pig islets in the following seven in vivo inrpkm- 
t at ions and graft destruction was not evidenced. 

The percentage of well- formed capsules also appears 
crucial for pig encapsulated islet biocompatibiiity. In fact, one 
primate which received stabilized encapsulated pig islets cul- 
tivated in free -serum medium, demon si rated 50% graft -fi- 
brosis 6 months- after implantation. Retrospectively, this:graft 
was composed by a high percentage (38%) of pig islets pro- 
truding outside the capsules (25), 

Overall, these data, suggest that encapsulated pig islets 
must be embedded in very pure alginate, cultivated for I& or 
24 hr in serum- free, medium containing a concentration of 
1.8 mM of CaCK. In addition, the ratio of well ..formed cap- 
sides must he over 90% to obtain u long term in vivo biocom- 
patibility in the pig to primate model. 

Although the survival of encapsulated pig islets in dia- 



betic monkeys was reported nine years ago but never con- 
firmed by others .teams (7), there is one recent and casuistic 
ma n us crip I describing biocompatibility of alginate/poiyorm - 
tliute/alginate microcapsules after S weeks of implantation 
into non-diabetic primate (24}. The present experimental 
work in vivo clearly demonstrates that implan tation of .opti- 
mized capsules might improved pig islet survival into pn~ 
mates without immunosuppression- for up to 6 months, hi 
this study, the monkeys were not diabetic since the. first goal 
was to assess the biocompatibility of pig encapsulated islets 
and to prove the concept. The more important result ob- 
tained in this study was certainly the demonstration that 135 
or ISO days after the implantation ofeucapsu.lated-.ptg islets, 
some of the islets survived imd were able to respond in vitro to 
a glucose challenge showing- a stimulation index up to 2.2, 
This result demonstrates that pig; islets survived up to 6 
months in the most stringent xenogeneic pig to primate 
model, without any immunosuppression. Evidently, among 
the explained capsules there was a strong reduction of insulin 
content as compared to pretranspiuiruaion level (.from 30 ng/ 
islet up to 2 ng/isletb but the loss est surviving beta cells prob- 
ably derived from multiple origins; the fact that (i) capsules 
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FIGURE 5. Representative' development of anti-pig' arrti- 
bodies in primate sera prior -to and after transplantation 
with empty capsules, non-encapsulated pig .islets, well- 
shaped encapsulated pig islets (stabilised) and no n- opti- 
mally encapsulated pig islets (left; IgM, right; IgG). All an- 
imals had preformed antibodies, "When empty capsules 
were 'implanted, no change.- in the; anti-pig IgM or IgG was 
observed, while in all animals receiving encapsulated pig 
islets a significant increase in IgG was evidenced thereby 
confirming immunisation. 



were implanted in normoglycemic monkeys, that (n) cap- 
sules were not injected following- a monolayer which certainly 
induced a lack, of oxygenation on the external layers of cells, 
that (lit) chronic rejection ensues due to continuous anti-pig 
IgG production or eventually, that (iv) cytokine relea.se by 
encapsulated islets occurred (IS). Regarding ihis latter pa- 
rameter, however, it must be pointed out that cytokine release 
was clearly identified as a mechanism of islets loss when en- 
capsulated islets were in ice red into the peritoneum which 



seems a more ioilHmmator)' site than kidney space (Dn franc 
e i al. ;s man use ript sub mined ) . 

The site, implantation under the kidney capsule was, 
used in this work j since local oxygen pressure is high and the 
recovery of capsules is rendered easy foranaiysiSvbtit for cltn- 
icai applioations- other sites shoiiidbe investigated i,e, as sub- 
cutaneous space. The usual intra -portal way, used in clinical 
applications, would he impossible due to the capsules size 
which will ihduee hepatic thrombosis. 

Some of the pig islets survived long- term despite a 
strong humoral anti-pig immune response; In fact, ail the 
prima testisedm this study had preformed anti-pig antibodies 
of both IgM arid IgG types. Despite the encapsulation, all 
primates developed an elicited anti-pig immune response as 
evidenced by the significant shift of both anti-pig IgM and 
mainly IgG antibodies by flow cytometry. When empty cap- 
sules were implanted under the kidney capsules., no humoral 
response was elicited up to day 145 after grafting thereby 
demonstrating that pig islets -were responsible for the anti- 
body response, Despite this antibody production, no rejec- 
tion or fibrosis' was evidenced thereby -demonstrating the im- 
mune protection of the pig islets by the capsules The 
immunization against pig proteins could be the consequence 
of a small percentage ; of pig .islets not being :enea psulated or 
simply prove that pig proteins might get out of the capsules 
(25% such as porcine C peptide {26}, 

In conciusioavthis study demonstrated that several pa- 
rameters must be in place to improve the biocompatibility 
and survival of encapsulated pig islets up to '6 months in the 
most stringent xenogeneic pigto primate model. This partial 
but long-term survival is obtained despite an ongoing anti- 
pig IgG response thereby showing that encapsulation protects 
the islets in the long term. Similar experimen is .a re. being per- 
formed in STZ-mdaeed diabetic monkeys to demonstrate the 
usefulness of this- approach in type I diabetes ^nd the. possible 
correction of hyperglycemia in vivo, hi addition, the cellular 
graft is now being designed as a mono-layer graft to improve 
the- oxygenation, of beta; cells. 
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